Translocation of chromosome 4 and 9 with ring formation of chromosome 4 short arm SUMMARY Cytogenetic investigation of a 3-year-old mentally retarded boy revealed a translocation of the long arm of chromosome 4 onto the short arm of chromosome 9, with ring formation of the remaining short arm of chromosome 4. The clinical features are described and correlated with the cytogenetic findings. The behaviour of the ring derived from a deleted chromosome 4 is discussed.
Structural abnormalities of chromosome 4 have been reported on many previous occasions. Borgaonkar and Dolling (1977) list over 40 translocations involving this chromosome, and the recipient has been found to include all chromosome groups except group F. In the C-group chromosomes, there is no report of chromosome 9 being involved in a translocation with chromosome 4. Deletion of the short arm of chromosome 4 has been sufficiently well documented to present a clinically identifiable syndrome, Wolf's syndrome (Guthrie et al., 1971 ), but no distinct phenotype has yet been delineated for long arm deletions of this chromosome (Van Kempen, 1975) . Ring formation of chromosome 4, however, has been reported very rarely, only 8 cases being quoted by McDermott et al. (1977) , one of these showing a complex Case reports rearrangement of chromosome 4 with ring formation (Bobrow et al., 1971) . We wish to report a complex abnormality, involving a translocation of chromosomes 4 and 9, with ring formation of the remaining portion of chromosome 4.
Case report
A 3-year-old boy was referred for investigation of mental retardation of unknown aetiology. He was born 3 weeks prematurely, after an uneventful pregnancy and a prolonged labour, to young unrelated parents of normal intelligence. The father was 25 years old and the mother 27 years old. There was no history of miscarriages or stillbirths. His birthweight was 2200 g and he was placed in an incubator for 2 weeks postnatally because of respiratory problems (hyaline membrane disease?). At 2 months he had a severe attack of gastroenteritis necessitating intravenous fluid replacement, and he developed an ear infection at 6 months. He has had no serious infections since then. At 9 months of age his parents became concerned about his slow development. He sat Dermatoglyphic patterns were unremarkable. Ulnar loops were present on 9 of 10 fingers with a radial loop on the 2nd finger of the right hand. The total finger ridge count was 108. The palmar axial triradii were proximally placed, and the atd angles of the right and left palms were 430 and 480, respectively. The thenar and hypothenar spaces of both hands showed an open pattern. The total a-b ridge count was 80. A distal loop was present in the 4th interdigital areas of both hands.
Special investigations included studies for the detection of toxoplasmosis, rubella, and cytomegalovirus antibodies; these were all negative. There was no aminoaciduria. A lumbar puncture at 16 months showed no abnormality, but an air-encephalogram showed a minimal amount of free air over the surfaces of the cortex, consistent with mild generalised cortical atrophy. An electroencephalogram at 2 years of age showed bilateral dysfunction compatible with an epileptiform pattern. He was therefore given phenobarbitone though there was no history of fits. Table) .
CYTOGENETIC STUDIES
Peripheral blood metaphases derived from synchronised cell cultures were examined by routine Giemsa staining and by modifications of established trypsinGiemsa, quinacrine mustard, and centromeric banding procedures. Unbanded metaphases revealed a pseudodiploid karyotype with a B and C group chromosome replaced by a large submetacentric marker chromosome and a small ring chromosome. G-banding identified the abnormality as a translocation of the major portion of the long arm of chromosome 4 onto the terminal portion of the short arm of chromosome 9. The remaining short arm and centromere of chromosome 4 had undergone ring formation (Fig. 2) Centromeric banding showed a single, darkly staining heterochromatic area on the majority of the rings, which was presumed to be the centromere of a monocentric ring. On quinacrine mustard banding the ring was brightly fluorescent (Fig. 3) . The ring was fairly stable in that it was present in 193 of 200 metaphases derived from 3 separate cultures taken at 3-monthly intervals. There was, however, instability of the ring in its morphological appearance. In over 50% of metaphases the ring was monocentric. Nearly 25% of the rings appeared to be incompletely formed, with a thin interconnecting bridge of chromatin between the two chromatid arms. A minority of rings was dicentric or polycentric. In 2% of cells 2 rings were present, and in 2% of cells the , Fig. 3 ). The exact area of breakage on the distal portion of 4p could not be precisely defined because of the 'fuzzy' nature and lack of identifiable banding patterns on the ring, but judging from the size of the ring, it appeared to be near the terminal area. Both parents had normal karyotypes.
GENE MARKER STUDIES
Attempts to exploit this family for establishing or confirming assignment of gene loci have been unsuccessful. There was no variation at the PGM2 locus (previously assigned to chromosome 4), or at the ABO and AK loci (assigned to chromosome 9) (McKusick and Ruddle, 1977) . No anomalous segregation was evident for genes at the Rhesus, blood group P, red cell acid phosphatase, or haptoglobin loci. There was no informative variation at the following loci: MNSs, Kell, Duffy, G6PD, 6PGD, ADA, PGM1, peptidases A and D, est D, CAp, CAI, GPT, ICD, glutathione peroxidase, glyoxylase I, Hb a, /1, and a chains, and transferrin.
Discussion
The proband presented with mental retardation associated with minimal physical stigmata; there was no phenotypic resemblance to any known specific syndrome. The translocation of the long arm of chromosome 4 onto chromosome 9 appears to be morphologically balanced. There was no identifiable loss of bands at break points 4q12 or 9p24, but one must assume that submicroscopic loss of genetic material could have occurred. The unusual feature of this case is the ring formation in the remaining portion of chromosome 4. Ring formation following a translocation implies the occurrence of a third break after the translocation, in this case at the distal portion of the short arm of 4, with subsequent fusion of the broken ends at q12 and pl?6. The exact distal break point could not be accurately identified, but is presumed to be terminal because of the size of the ring and the minimal physical abnormalities in comparison with the gross phenotypic abnormality described in Wolf's 4p-syndrome (Guthrie et al., 1971) . The typical clinical features of this syndrome are thought to be associated with loss of the 4pl6 band (Rethore, 1977) . Some of the features of the 4p-syndrome were present in the child reported here. They were mental deficiency, growth retardation, microcephaly, low set, simple ears, strabismus, downturned mouth, facial asymmetry, and epileptiform electroencephalographic waves (though no seizures have occurred to date). The dermatoglyphic patterns were similar to those described by Bobrow et al. (1971) and Parker et al. (1974) in that their patients also showed 9 ulnar loops, but were otherwise unremarkable. 313 The spectrum of abnormality described in ring 4 chromosomes has ranged from those patients who have shared some of the features of Wolf's syndrome (Carter et al., 1969; Hecht, 1969; Bobrow et al., 1971; Parker et al., 1974) to those with minimal physical features, but with mental retardation, such as our patient and the patient described by McDermott et al. (1977) . Two patients have been described who were of normal intelligence (Dallaire, 1969; Surana et al., 1971 ). Dallaire's patient and a patient described by Faed et al. (1969) had multiple skeletal abnormalities.
The degree of phenotypic abnormality associated with ring formation will obviously depend on the amount of genetic material deleted, the stability of the ring, and the variability of the ring's genetic content due to the production of variant daughter rings. Kistenmacher and Punnett (1970) postulate that the genetic content of a ring may in turn determine its stability. The ring 4 chromosomes described by Hecht (1969), Carter et al. (1969) , Faed et al. (1969) , and Parker et al. (1974) have all shown evidence of instability leading to missegregation with resultant mosaicism, breakage, and polycentric ring formation by sister chromatid exchange (Hecht, 1969) . However, Bartram (1977) did not observe any increase in sister chromatid exchanges in a ring 4 chromosome investigated after 2 replication cycles in the presence of BrdU. These dicentric and tetracentric rings may undergo breakage and reunion at anaphase leading to rings of unequal size. The ring 4 described by Bobrow et al. (1971) was characterised by anaphase bridges, yet showed stability at metaphase. In the present instance, the formation of the ring was complicated by the fact that the ring was formed from only part of chromosome 4, after translocation of the major portion of the chromosome onto another chromosome. In the case of Bobrow et al. (1971) , the major portion of the long arm of chromosome 4 formed a ring, whereas in our patient the ring formation involved the short arm of chromosome 4. Mosaicism of the ring was not a prominent feature in the present case; 3.5% of cells were monosomic, and 2% of cells were disomic for the ring in peripheral blood lymphocytes. There was, however, a definite instability of the ring as evidenced by the number of incomplete rings, dicentric, polycentric, and interlocking rings. One must, therefore, presume that there is great variability in the genetic content of the ring from cell to cell.
Correlation of the abnormal phenotype with the karyotypic findings is therefore modified in this case by at least 2 operative factors: the effects of the translocation, and the varied genetic content due to instability of a ring formed from a partial chromosome segment. The gestational histories and perinatal courses of both patients were essentially identical and therefore are reported simultaneously, with any variation in the second sib shown in parentheses. There was no history of drug intake. Oligohydramnios was noticed during the second trimester, and spontaneous delivery from a vertex presentation took place in the 35th (36th) week of gestation. The prematurely born male infants suffered from severe neonatal asphyxia which, despite efforts at respiration, led to death 11 (8) hours after birth. The probands were anuric, and no kidneys were evident either on palpation or on x-ray. Birthweights (2250 g and 2500 g, respectively) were normal for gestational ages of 35 and 36 weeks. Dysmorphic features in the 2 sibs were similar and typical of the oligohydramnios tetrad. They included a wrinkled senile-looking face with receding forehead, widely spaced eyes, inner epicanthal folds extending downwards to the middle of the cheeks, a bird-like nose, an underdeveloped chin, low-set, folded, and misshapen ears, narrow chest, scoliosis of the thoracic spine, and short, broad hands with taperiitg fingers. The younger sib, in addition, had right cryptorchidism and his placenta contained a single umbilical artery. Neither of them had club feet or other significant limb positioning defects.
Necropsies showed bilateral renal and ureteral agenesis, with hypoplasia of the urinary bladder, pulmonary hypoplasia with hyaline membranes and pneumonic infiltrates, and a (physiologically) open foramen ovale and ductus Botalli.
